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SUBJECT:  Powder  Spring  Lake  Dam  (Mo.  307*^9)  Phase  T  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Powder  Spring  Lake  Dam; 

It  was  preparvd  under  the  National  Program  of  Inspection  of  Non- 
Federal  Dams . 


This  dam  has  been  classified  as  unsafe,  non-emergency  by  the 

St .  Louis  District  as  a  result  of  the  application  of  the  following 

cr iter ia ; 


1.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood . 

2.  Overtopping  of  the  dam  and/or  erosion  of  the  spillway  could 
result  in  fat  lure  of  the  dam. 

3.  Dam  failure  significantly  increases  the  hazard  tc  loss  of 
life  downstream. 
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Name  of  Dam: 
State  r.ocateci: 
Cou  n  ty  Located: 
Stream: 

Inspection  Date: 


Powder  Spr  ir.g  Lake  Dam 

M i ssou  r i 

Washington 

Bust  Branch  of  Mill  Creek 
17  July  1979 


The  Powder  Spring  Lake  Dam  was  visually  inspected  by  engineering 
personnel  of  the  office  of  Horner  S  Shifrin,  Inc.,  Consulting  Engineers, 
St.  Louis,  Missouri.  The  purpose  of  the  inspection  was  to  assess  the 
general  condition  of  the  dam  with  respect  to  safety  and,  based  upon  this 
inspection  and  available  data,  determine  if  the  dam  poses  a  hazard  to 
human  life  or  property. 

The  following  summarizes  the  findings  of  the  inspection  and  the 
results  of  certain  hydro  log  ic/hydra>jl  ic  investigations  performed  under 
the  direction  of  the  inspection  team.  Based  on  the  visual  inspect:  on  can 
the  results  of  these  hydrologic/hydraulic  investigations,  t’n.e  presen: 
general  condition  of  the  dam  is  considered  to  be  somewhat  less  than 
satisfactory.  The  following  deficiencies  were  noticed  during  the 
inspection  and  are  considered  to  have  an  adverse  effect  on  the  overall 
safe  tv  and  future  operation  of  the  dam  and  spillway, 

1.  A  dense  cover  of  crush  that  may  conceal  animal  burrows  and 
nurreroLis  small-and  medium-size  trees  are  preson-  on  the 
downstream  face  of  the  dam.  The  Lipstream  face  of  the  dam  is 
also  CO  veered  with  small  trees  and  brush  that  includes  at  least 
one  animal  burrow'.  Tree  roots  and  animal  burrows  can  provide 


parjaqewavG  for  :'eepage  that  couIJ  develop  into  J  pipirs3 
condition  ( p  ro^  re  =^s  i  vo  internal  ero^^ion'  and  :uhseqvient  failure 
of.  the  dam. 

1.  The  spillway  channel  contains  brush  and  numerous  small  trees. 
Thi-:^  growth  obstructs  channel  flow  and  reduc’^.o  capacity  that 
could  result  in  so  illway  releases  overflov;ino  the  channel,  and 
ii?.p i  ng i  ng  on  the  dam. 

d.  The  Left  side  cf  the  spillway  .channel  is  extensively  eroded  and 
a  near  vertical  bank  exists  at  a  location  adjacent  to  the  dam. 
Erosion  of  the  ban.':  can  lead  to  an  unstable  5;lope  and  an  earth 
slide  that  could  block  the  spillway  channel.  In  addition,  loss 
of  embankment  material  may  impair  the  structural  integrity  of 
the  dam. 

4.  ^  pool,  believed  to  be  due  in  part  to  backwater  from  the 
downstream  channel.  Bust  Branch,  abuts  the  downstream  toe  of  the 
dam..  The  presence  of  the  pool  creates  an  unnecessarily  high 
tailwater  which  is  a  condition  considered  to  be  unfavorable  *o 
the  structural  stability  of  the  oarr. .  The  pool  also  prevents 
control  of  dam  underseepage  if  si.:ch  a  condition  exists. 

5.  The  handle  for  the  control  valve  on  the  south  draw.iow’n  pipe  is 

broken  and  the  outlet  end  of  the  ncrth  drj.w’down  is  either 

buried  or  submerged.  Those  conditions  impose  con.straints  on 
function! ng  o f  the  dr awdown  facilities  as  p 1 a nn ed . 

The  conditions  described  above  are  not  considered  to  bi  of  major 
consequence  to  warrant  immediatfj  remedial  action. 

According  to  the  criteria  sot  forth  in  the  recommended  guidelines 
(see  text)  the  minimum  spillway  design  flood  for  this  dam,  which  is 
classified  as  small  in  size  and  of  high  hazard  potential,  is  specified  to 
be  a  minimum  of  1/2  the  Probable  Maximum  Flood  (PMF) .  Considering  the 


tact  that  hat'i  t ';h] ni  i  I \ -".>1 '  1  i vvitiun  thr^  Jcwa.' r '■arr  zon--. 

It  is  rec  thiit  tho  ^>p:]^wnv  f]  x>'i  for  thia  struct. iro  he 

t  tU'^  PMT .  PM  i’  is  t  h  t  r*  1  ood  r  ha  t  ma  v  i .  •  xp  ted  f  r  o  rn  r  a  e  ino  s  t  ae  v  <  •  r  i/ 
conbi  nation  of  critical  m'^tooro  lop  i.c  and  hyd.  rnloqic  coniiitious  that  ara 
reasonably  possibl*^  in  the  reoi.i:'.  Th^  P>P'  is  ordi:iari:\^  accepted  as  the 
inflow  design  f  lood  for  d  ams  whe  re  f  a  i  lu  r  e  o  f  the  c  t  r  u  -c  t  u  r  e  woii  1  n 
increase  the  danner  to  human  life. 

Re.su  Its  of  a  hyd  roloq  ic/hyd  ra  j  1  i  c  nnal’/sis  indicate  that  the  existinq 
soil  Iw’ay  s  (principal  a  nd  erne  r  q  en  cy '  a  r  e  i  na  dec  u  a  to  to  pass  1  a  he  ou  t  f  low 
result  inq  f  r  .:)m  r*  storm  of  PMF  xaqnituvle  or  the  la^.e  outflow’  from  the  1 
percent  chance  (lOO-year  frequ-ency)  f  ].o».yl  with.nut  overtopping  the  dam. 
ey  are  ndequa  t e  howe 've r  ,  to  p  ass  the  1  a  k e  ou  t  f  1  ow’  resulting  f  r or  the 
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out: low 

corr  e.s 
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12  percent  of  the  PMF  Icik 
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.  r.ouis  District, 
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A  review  of  available  data  did  not  disclose  that  s.^^'^oage  and 
s  t  ah i 1 i t  y  anal y  se  s  of  t  h  e  dam  we  re  po  r  f  o  r  me  d .  Th I s  i c  cons i d  e  r  ed  a 
deficiency  and  should  be  rectified. 


It  is  recommended  that  the  Owner  take  the  nece-saary  action  in  the 
near  future  to  correct  or  centre!  the  deficiencies  and  salt  ty  defects 
reported,  herein. 


K  irl  t. .  V'reose 

?.F.  Missouri  K-lblP2 


Albert  B.  Rocker  ,  Jr  .  // 

P.E.  Missouri  E-916a 
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powder  SPP’A'IC  :ake  dam  -  to  no.  30?^.^ 


SECTION  1  -  PROJECT  INPOIiMATION 


I.l  GENERAL 

Au  t:hor  i  ty ,  National  Da:r.  Inspect  ion  Act,  Public  Law  9  2*367,  dated 
S  August  1972,  author ixed  the  Secretary  of  the  Arny,  through  the  Corps  of 
Enqine-rs,  to  initiate  a  program  of  safety  inspection  of  dams  throughout 
the  United  States,  Pursuant  to  the  above,  the  St.  Louis  District,  Corps 
of  Engineers,  directed  that  a  safety  inspection  of  tne  ?o\;der  Spring  Lake 
Dam  be  made. 


b ,  Purpose  of  Inspection.  The  purpose  of  t  h  i  r-  visual  :  nr3  pec  t  i  o  n  wa  ^ 
to  make  an  assessment  of  c'ne  general  condition  of  the  dam  with  respect  to 
safety  and,  based  upon,  available  data  and  this  inspection,  detc-rrr.ine  if 
tne  dan  poses  a  hazard  to  human  life  or  property. 


""riteria.  Tnis  evaluation  was  performed  in  accordance- 
with  the  "rhase  I"  investigation  procedures  as  prescribed  in  "Kecomm-^nded 
Guidelines  for  Safety  Inspection  of  Dams,"  Appendix  D  to  "Report  of  the 
Cliiof  of  Enaineers  on  the  National  Program  of  Inspection  of  Non-FederaT 
Dams,  "  d  a  t  ed  Ma  y  1^73. 


1.2  DFSCR.'^PTrON  OF  PROJECT 


a.  Description  of  Dam  and  Appur tenancer .  The  Powder  Spring  Lake  Dam 
is  an  ea r th f i 11  typo  embankment  rising  approx imately  28  feet  above  the 
original  streambed.  The  emb3nkmf'»nt  has  an  upstream  slope  (above  the 
waterline)  of:  Iv  on  2.1h,  a  crest  width  of  about  12  foot,  and  an 
irregular  downstream  slope  that  varies  from  alxaut  Iv  on  2.8h  for  the 
upp:‘r  12  feet  to  Iv  on  3.5h  for  the  lower  16  feet.  The  length  of  the  dam 
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is  approximately  41S  feet.  A  plat,  an-1  profile  of  the  ciam  is  ;'hov;n  on 
Plate  3  and  a  cross-sect  ion  of  the  dam  Is  shown  on  Plate  4.  At  normal 
pool  elevation  the  reservoir  impoundel  by  the  dam  occupies  approximately 
13  acres. 

The  lake  level  is  9ov<--rneci  by  overflo;  of  a  broad-crested  weir  typo 
spillway  that  is  cut  through  the  hillside  at  the  riqht  (south)  abutment. 
The  spillway  discharge  channel,  a  trapezoid ia I  section  of  variable  width, 
follows  a  course  along  the  right  abutment  and  joins  the  downstream 
channel.  Bust  Branch,  at  a  point  about  200  feet  below  the  dam.  A  s -.allow 
pool  that  appears  to  have  been  created  by  stream  flow  backwater,  abuts 
the  toe  of  the  dam.  near  the  center  of  the  venbankment  and  extends 
downstream  to  about  the  point  where  the  spillway  channel  joins  Bust 
Branch.  The  pool  is  approximately  one-half  acre  in  surface  area.  A 
profile  of  the  spillway  channel  invert  is  shown  on  Plate  4. 

An  emergency  spillway,  a  shallow  dish-shaped  section,  crosses  the  dam 
crest  at  the  left  (north)  abutment.  The  outlet  channel  fcr  the  emergency 
spillway  is  not  distinguishable,  but  apparently  follows  the  junction  of 
the  embankment  and  the  abu. tment. 

Two  6- inch  diameter  pipes  with  control  valves  near  their  downstream 
ends  are  provided  to  dewater  the  lake.  The  draw^down  pipes  are  located 
near  the  left  center  of  the  dam  with  their  outlet  ends  at  the  pool  below 
the  dam. 

b.  Location.  The  dam  and  lake  are  located  on  Bust  Branch,  a 
tributary  of  Mill  Creek,  approximately  1.5  miles  southeast  of  the  town  of 
Belle-Fontaine  and  1.5  miles  west  of  the  town  of  Tiff,  Missouri,  as  shown 
on  the  Regional  Vicinity  Map,  Plate  1.  The  dam  is  located  in  Poet  ion  15, 
Township  38  North,  Range  3  East,  within  Washington  County. 

^ •  Size  Class! f i ca t ion .  The  size  c lass i f ica t ion ,  based  on  the 
height  of  the  dam  and  storage  capacity,  is  categorized  as  small.  (Per 
Table  1,  Recommended  Guidelines  for  Safety  Inspection  of  Dam.) 
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d  .  ^  t  iF:.  ^  ^  •.  ^  •'  ^ ^  ■'  ^  ‘'’  t  h  *?  ft,  [.t i  u  i  r^  D  i  s  ♦-.  r  i  c  t: , 

Corpr  of  Fnqineer^J,  t’:;*-  Powdt'r  -^prinn  Lako  Dani  ha 5-  .  hiqh  hazard 
pot*^ntiaI,  mean .  nq  that  the  dam  is  'ccauei.l  where  frulare  may  cause  losf> 
of  1  i  f  e ,  se  r  ious  damu'^je  to  fiomec ,  iiv.por  tant  puh  lie:  utilities,  main 
h  i  '‘wa y s ,  r  a  1  1  r oad s ,  or  e x t o n^^  i  vo  t i euiaq e  to  a tr:  i c a  1 1 u r  a  1  ,  industrial  o r 
commercial  facilities.  The  ei>timatf^d  f  loorl  damage  zone,  should  failur*- 
of  the  dam  occur,  as  determined  hy  tlie  St.  Lou :  ,c  District,  extends 
approx imatoly  two  miles  downstream  of  th.o  dam.  Within  the  possible 
damage  zone  are  tout  dwellings,  a  county  road,  and  a  railroad  bridge 
cross i nq . 


e.  Ownership.  The  dam  is  owned  by  Bern  Is  M.  Bone.  Mr.  Bono  *  3 

address  is  Route  I,  Box  4  97A,  Cadet,  Missouri  Mr.  Bone's 

residence  is  adjacent  to  the  lake. 

f .  purpose  of  Dam,  Th e  d am  i mpou nd s  v;a  ter  p r  : ma  r  i  1  y  for 
r-^cr  ea  t  iona  1  purposes. 

q.  De  sign  an  d  Co  n  s  t  r  u  c  t i o  n  History.  The  dam  was  constructed  for  the 
Owner  in  1964,  by  Mr,  Kelly  Smith,  a  local  excavating  and  grading 
contractor,  who  no  lonaer  is  in  businecn.  Kficrts  to  contact  Mr.  Smit' 
were  unsuccessful.  According  to  Mr.  Bone,  the  laying  out  of  the  d.am  was 
done  hy  Mr.  Mel  Means,  a  Local  contractor  expecienoed  in  earth  dan 
cons  truct  ion .  Mr.  Moans,  who  no  longer  is  in  the  contracting  businL-SF, 
was  contacted  and  stated  that  the  layout  of  the  dam  and  spillway  wa.- 
wi  thou t  the  id  anv  formal  engineering  or  design  data. 

‘  ‘  •  ^iormal  Oper  at  ion  •>  I  Proce<  ^  t  e  .  Th .  like  level  is  r  eq  vi  I  a  t  ed  hy 
overfiov;  of  an  earthen,  broad-cresred  weir  typ'*  spillway. 

1.3  PRRTINI^NT  DATA 

a.  Drainage  Area.  The  area  tributary  to  the  lake  is  extensively 
surface  mined  for  barite.  From  the  appearance  of  the  terrain,  it  is 
r^vident  that  mining  operation5^  have  been  underway  for  many  years.  Tn  all 
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are  tour  ponds  formed  by  dams  made  from  mine  hy-products  witnin  the 
drainage  area  upstream  from  Powder  Spring  Lake.  As  identified  by  the 
Corps  of  Engineers,  these  dams  are  Mo.  30707,  Mo.  30704,  Mo.  30750  and 
Mo.  30752.  The  pond  impounded  by  Mo.  30707  covers  an  area  of 
approx ina tely  26  acres  at  normal  operating  level  and  is  located 
approximately/  one  mile  upstream  of  the  Pov;er  Spring  Lake  Dam.  A  second 
tailings  pond  dam.  Mo.  30704  ,  which  impounds  an  area  of  about  10  acres  at 
normal  level,  is  located  immediately  to  the  southwest  of  Mo.  30707  and 
just  east  of  State  Highway  E.  Dam  Mo.  30750  is  located  on  Bust  Branch 
approximately  1.5  miles  upstream  of  the  Powder  Spring  Dam  and  just  west 
of  State  Highway  E.  The  pond  impounded  by  this  dam  occupies  an  area  of 
about  38  acres  at  normal  level.  Mo.  30752  is  located  about  0.5  mile 
upstream  of  Mo.  30750,  No  surface  area  data  for  this  impoundment  were 
available.  The  area  not  affected  by  mining  is  for  the  most  part  in  a 
natural  state,  covered  with  timber  and/or  native  grasses.  The  watershed 
above  the  Powder  Spring  Lake  Dam  amounts  to  approximately  2,7^9  acre*. 

The  watershed  area  including  the  sub-water  shod s  for  the  upstream  tailings 
pond  dams,  is  outlined  on  the  Watershed  Map,  Plate  2, 

b.  Discharge  at  Damsite. 


(1) 

Estimated  known  maximum  flood  at  damsite  . . . 

410 

cfs* 

(2'. 

Spillv/ay  capacity  (principal)  ...  1,490  cfs 

(W.S, 

.  Elev. 

730 .7) 

(31 

Spillway  capacity  (piincipal  plus  emergency) 

1,920  cfs 

(W.S.  llev.  731.3) 

Elevation  (ft,  above  MSL^  .  The  crest  of  the  princ 

i  pa  1 

spi 11 way 

was  assumed  to  be  elevation  727,0  (feet  above  MSL) ;  the  basis  for  this 
assumption  being  the  topographic  data  shown  on  the  1937  Tiff,  Missouri, 
Quadrangle  Map,  7.5  minute  series. 

(1)  Top  of  dam  ...  731.3  (min.) 

(2)  Normal  pool  (crest  principal  spillway)  ...  727.0 

(3)  Streambed  at  centerline  of  dam  ...  706+ 

♦Value  computed  for  water  surface  at  elevation  728.5  and  based  upon  an 
estimate  of  maximum  depth  of  flow  at  the  principal  spillway  as  provided 
by  the  Owner. 
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(4)  Maximum  tailwater  Unknown 

(5)  Ta i Iwa ter  at  time  of  i nspect ion  , , .  705.7 

d .  Rese  rvoi r . 

(1)  Length  at  normal  p<yol  (Flev.  727.0)  ...  2,000  ft. 

(2)  Length  at  maximum  pool  {Elev,  731.3)  ...  2,30i/  ^t. 

e.  Storage . 

(1)  Normal  pool  ...  107  ac.ft. 

(2)  Top  of  dam  (incremental)  ...  67  ac.ft. 

f .  Rese  rvoi r  Surface , 

(1)  Normal  pool  ...  13  acres 

(2)  Top  of  dam  (incremental)  ...  5  acres 

g .  Dam. 

(1)  Tvpe  ...  Earthfill,  homogeneous* 

(2)  Length  ...  418  f., 

(3)  Height  ...  28  ft. 

(4)  Top  v;idth  ...  12  ft. 

(5)  Side  slopes 

a.  Upstream  ...  Iv  on  2.1h  (above  waterline) 

b.  Downstream  ...  Irregular,  Iv  on  2,8h  (upper),  Iv  on 
3.5h  (lower) 

(6)  Cutoff  ...  Core  trench* 

(7)  Slope  protection  ...  Grass ,  upstream  and  downstream 

h.  Principal  Spillway. 

(1)  Type  ...  Excavated  earth,  broad-crested  trape^toidal  section 

(2)  Location  ...  Right  abutment 

(3)  Crest  ..  Elevation  727.0 

(4)  Approach  channel  . . .  Lake 

(5)  Discharge  Channel  ...  Earth  and  rock  cut,  trapezoidal 
sect  ion 


♦Per  Owne r 


^  1 

(1)  Type  ...  Earth,  broad-crested,  dish-shaped  section 

(2)  Location  ...  Left  abetment 

(3)  Crest  ...  Elevat ion  730.7 

(4)  Approach  channel  ...  Lake 

(5)  Discharge  channel  ...  Earth,  V-section 

j  .  0 u t^l ^t  o r  Lake  _D rawdown. 

(1)  Number/size  ...  Two  6-inch  steel  pipes 

(2)  Control  ...  Valves,  at  outlet  end  of  pipes 

(3)  Invert  elevation  at  outlet: 

a.  Right  side  pipe  ...  Elevation  705.9 

b.  Left  side  pipe  ...  Outlet  not  located 
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SECTION  2 


ENGINEERING  DATA 


2.1  DESIGN 

No  onqine^'rinq  Gat '3  relating  to  the  Gcs^^qn  of  the  dam  are  kr*ov;n  to 
exint.  According  to  ti:e  Owner,  the  dam  was  laid  out  by  a  K:  ,  Mel  Means, 
a  local  contractor  expor  ienced  in  the  ciann ing  and  construction  of 
earthen  dams.  Mr.  Means  was>  contacted  and  he  reported  that  the  basis  of 
his  layout  (design)  for  this  dam  empirical,  based  on  experience  and 

judgment.  Mr.  Means  mentioned  that  the  spillway  proportions  were  based 
on  a  known  high  water  mark  at  the  dam  location, 

2.2  CONSTRUCTION 

According  to  the  Ov;ner,  the  builder  of  the  dam  was  a  Mr.  Kelley 
Smith,  a  local  excavating  contractor,  Efforts  to  contact  Mr.  Smith  were 
unsuccessful.  According  to  the  Owner,  the  dam  was  constructed:  with  a 
core  trench  seepage  cutoff  th.at  extended  about  4 -to -5  f o  :?t  belc;  th^ 
original  ground  surface  to  rock.  The  O'wner  also  reported  that  the  trench 
and  embankment  wer^  constructed  of  material,  red  clay,  obtained  from  tlv-* 
area  to  be  occupied  by  the  lake  and  that  compaction  was  achiev^K^  hv 
running  the  earth  hauling  equipment  over  the  previously  placed  fill 
layer.  According  to  the  Owner,  the  dam  is  165  feet  wide  at  the  baa*',  12 
feet  wide  at  the  crest,  thr  upstream  face  has  a  slope  of  Iv  on  3h,  and 
the  downstream  face  has  a  slope  of  Iv  on  2h,  although  some  additional 
fill  was  added  to  the  lower  part  of  the  dam  to  widen  the  base  of  th^^ 
structure  and  as  a  result,  the  slope  of  the  lovcer  part  of  the  dam  is 
flatter  than  Iv  on  2h,  A  cross-section  of  the  embankment  taken  near  the 
high  point  of  the  dcam  and  based  on  survey  data  indicated  the  exposed 
upstream  face  to  have  a  slope  of  Iv  on  2.1h,  the  crest  width  to  be  12 
feet,  and  the  downstream  face  to  have  a  slope  of  '  on  2 . 8h  for  the  upper 
12  feet  and  Iv  on  3,5h  for  the  remaining  downslope. 


2.3  OPERATION 


The  lake  level  is  governed  by  overflow  of  an  excavated  earth 
sp illway .  Accordinq  to  the  Ow’oer  who  resides  adjacent  to  the  lake,  the 
dam  has  not  been  overtopped  and  the  estimated  maximum  knov;n  loading  on 
the  cam  was  caused  by  a  storm  that  produced  a  depth  of  flow  at  the 
spillway  crest  of  about  18  inches. 

Barite  mining  operations  are  being  carried  out  by  NL  Industries  in 
the  area  upstream  of  the  dam.  A  mine  tailings  pond  is  located  in  a 
valley  approximately  1  mile  upstream  of  the  dam.  Several  other  tailings 
ponds  are  also  located  upstream  of  the  lake.  The  respective  locations  of 
these  tailings  ponds  are  shown  on  Plate  2.  Siitation,  apparently  due  to 
fines  carried  by  flow  from  the  tailings  ponds,  is  evident  at  the  upstream 
end  of  the  lake.  The  Owner,  Mr.  Bone,  when  interviewed  during  the 
inspection,  expressed  concern  for  the  adequacy  of  the  upstream  tailings 
pond  dam  spillways.  Mr.  Bone  reported  that  this  last  spring  (1979), 
after  experiencing  rainfalls  of  about  5  and  6  inches  on  consecutive  days, 
a  representative  of  the  mining  company  advised  him  and  his  family  to 
leave  their  home  and  seek  higher  ground  since  it  appeared  that  one  of  the 
upstream  mine  tailings  dams  was  about  to  be  overtopped.  The  dam,  however 
was  not  overtopped,  and  they  returned  to  their  home  shortly  thereafter. 


2.4  EVALUATION 

a,  Avai lability.  Engineering  data  for  assessing  the  design  of  the 
earthfill  dam  and  spillway  were  unavailable. 

Adequacy ,  No  data  available.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency.  These  seepage  and  stability  analyses  should  be  performed  for 
appropriate  loading  conditions  (including  earthquake  loads)  and  made  a 
matter  of  record. 


SECTION  3  -  VTSUAI.  INSPKCT■[0^ 


3.1  FINDINGS 


3.  Gene ral .  A  visual  inspection  of  the  Powder  Spring  Lake  Darn  was 
made  by  Horner  &  Shift in  engineering  personnel,  K.  L.  Freese,  Civil 
Engineer  and  Hydrologist,  and  A.  B.  Becker,  Jr.,  Civil  and  Soils 
Engineer ,  on  17  July  19  79.  An  exairi  nat  ion  of  the  dam  site  was  also  n.ade 
by  an  engineering  geologist,  Jerry  D,  Higgins,  a  consultant  retained  by 
Horner  St  Shifrin  for  the  purpose  of  assessing  the  area  geology.  Also 
examined  at  th?  time  of  the  inspection,  was  the  area  below  the  dam  within 
the  potential  flood  damage  zone.  Photographs  of  the  dam  taken  at  the 
time  of  the  inspection  are  included  on  Pages  A-l  through  A- 4  of  Appendix 
A.  The  loccitLoi'*s  of  the  photographs  taken  during  the  inspection  are 
snown  on  Plate  3. 

'"•  Geology  *  The  dam  and  lake  are  located  on  the  northern  flank  of 
the  Ozark  Uplift  and  are  underlain  ty  the  Potosi  formation.  The  Potcsi 
is  a  massive,  thickly-bedded,  medium- to  fine-grained  dolomite  with 
abundant  quartz  druse  and  chert.  The  unconsol  ideated  materials  are 
typical  Potosi  residuum,  a  red,  blocky  clay  with  much  chert  and  quartz 
druse . 

Tne  right  bank  of  the  reservoir  has  a  relatively  gentle  slope  and 
appears  to  be  underlain  by  residuum  of  cons iderabl*?  tiiickncss  whereas  the 
left  bank  is  steeper  and  is  characterized  by  thin  residuum  and  bedrock 
outcrops.  The  banks  on  both  sides  of  the  lake  are  stable  and  no  evidence 
of  slumping  or  excessive  erosion  was  observed. 

Bed  rock  is  exposed  on  both  abutments  at  the  dam  site.  The  outcrops 
are  highly  jointed  and  have  been  subject  to  considerable  solution 
weathering  and  solution  enlargement  of  the  fractures.  Some  standing 
water  was  observed  at  the  toe  of  the  dam.  No  water  was  noticed  flowing 
from  either  abutment  or  valley  side  downstream  of  the  dam. 
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c'owdor  Spring  i3  partially  sprinv'?  fr.d  arid  f.nra-.*  r,p::-^qi  -<1-*:  in 

the  imined  r  v  i c  l  n  i  ty  .  Two  of  these  springs  are  now  si: br - •  ro. od  by  t ! w 
reservoir,  hut  the  third,  ’ocated  further  upstream,  Cf^ntinuea  to  fhaw. 

The  presence  of  the  sprinin  and  the  ur.isually  straight  cos  r  so  of  Burt 
Branch  tiircuqh  this  ar^^a  suggests  that  tre  stream  ::a,  :''0  fault 
control  1  e‘  1 .  Ho v/e  vo  r ,  since  there  is  no  e  v  i nc o  o  f  d  i  so  I ac c  :re  n I ,  '  i  nee 

the  area  is  not  considered  tectonically  active  r  and  since-  there 
apparently  are  no  faulti-related  geotechnical  prcbleitis  related  to  dun:  ?:■ 
reservoir  performance,  the  possible  existence  or  non-existence  of  a  fault 
is  not  considered  significant.  Geologic  conditions  at  the  site  do  net 
appear  to  influence  the  per f ormancfj  of  the  dam  or  reservoir. 

^ •  hast. .  The  visible  portions  of  the  ups t r e am  a nd  downs t  r earn  f  ace 5 
of  the  dam  (see  Photos  L  and  2)  appeared  to  be  in  sound  ccr.ditiu!! 
although  senu?  minor  erosion  of  the  unprotected  upstream  slope  at  the 
waterline  was  noticed  and  an  animal  burrow  was  observed  in  the  upstream 
face  OL  the  dam  near  the  left  abutment.  Both  the  upstream,  and  downstream 
faces  of  the  dam  were  covorevd  with  brush  and  numerous  smal  1 -tc-m.ed : um. 
size  trees.  No  surface  cracks  were  noticed  in  the  crest  or  faces  of  the 
d  am ,  nor  was  there  any  i  nd  i  c  a  t  i  o  n  of  se  e  pag  e  a  c \v'  a  be  t  me  n  t  s  o  r 

downscream  face  of  the  dam.  Since  a  pool  of  water  (see  Photo  6-  of  about 

one-half  acre  abuta  the  dow^nstreani  toe  of  slope,  it  c».Hilvi  not  oe 
determined  if  an  under  seepage  condition  exists. 

Of  the  two  6- inch  steel  drawdown  pipes  that  extend  t  rough  the  viam 
and  emerge  near  the  downstream  too,  only  the  pipe  outlet  on  th^  rinhi- 
(  sou t h )  side  cou  1  d  be  see n .  The  p i pe  'Siu flat  on  1 1>?  loft  ''north)  si  1  e  w a  s 
not  exposed  to  view  and  is  either  buried  or  submerged  in  the  that 

adjoins  the  dam.  Both  control  valves  w'ere  v/ell  protected  f^-om  the 
wea t he r  by  me t al  co ve r s  and  bales  of  s t r  aw .  The  v al ve  hand  io  on  t he 

right  side  pipe  was  broken  (see  Photo  7)  and  tne  valve  on  'eft  side 

pipe  was  housed  in  a  steel  enclosure  (see  Photo  8)  and  subr.;ergod.  It  v/a.s 
not  determined  if  either  valve  w’as  f unct i<'>na I . 

P  r  i  nc  i  p  a  I  Soil  1  wa  y  -  The  general  condition  of  the  exCvavatc?d  earth 
principal  spillway  was  found  to  be  sa t isf actor v ,  There  was,  howev>r,  a 
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Tiinor  .u-'curnj  1  i  t  ion  of  dtiftuoco’  nr"!  (neo  Photo  n  on  tho 

a  op  r  oa  c  h  i  oie  of  the  r- p  i  1 1  wa  y  or.-'  t .  rh  e  s  r  >  i  1  1  wa  v  oa  1 1  o  t  o  h  li  nn  e "!  in  in 
oa  r  t h  and  r  ook  c li t  f oi  app r ox  i  r^a  e '  y  1 00  f  ee t  he  for t  he  i  n vf*  r  t 
encounters  a  seri-s  of  rock  falls.  S-nall  tr^r'en  and  brush  (see  Photo  41 
are  prevalent  throiiahout  thin  n;ortion  of  the  channel.  The  outlet  channel 
continuea  until  it  reaches  the  original  stream,  Bust  Branch,  at  a  point 
afX)ut  20  0  feet  below  the  dam.  Ac  a  location  oppc)site  the  centerline  of 
the  dam,  the  left  hank  of  the  outlet  channel  is  extensively  eroded  (see 
Photo  nnfi  a  v^^-rtical  slope  of  aoout  IC  feet  exists.  From  tr.e 
condition  or^  th.'*  exposed  earth^-^n  bank  at  this  location,  it  appeared  that 
the  upper  2  feet  or  so,  v^/as  fill  q round. 

r  q  e  p  cy  i"  p  i  1 1  w  a  y  .  Tije  crest  of  the  emercienc'/  spillway  co'\rA  ryt^ 
rojohiV  of  a  dish-'Shaced  section  forme^d  by  the  iunction  of  th^‘‘  cam  sf'.': 
t  iie  ''eft  a L> u  tme n t .  ; o  la k e  a pp r oa c h  to  the  s n  i  1  1  w uy  w a  s  q  r  o wn  v e :  wit  . 

cattail^,  and  brush.  T!.e  outlet  channol,  clthouq’i  not  d  :  s  1 1  nqu  i  shable  , 
presumably  follows  the  junction  of  the  embankment  with  the  left  ahutmen"- 
and  was  covered  with  brush  and.  nusr^r  uus  small  tr^'es. 

^ ^hream  Channel  .  T h e  c h a n n e  1 ,  Bust  Branch.,  c o w n s t r e a n  of  t h * ' 
dam  is  unimproved  and  extends  for  approx  imat*^ly  2  miles  before  joininc 
'^Ull  Creek.  A  br  idee  belonaing  to  t'ne  >'dssouri  Pacific  Pail  road  crosses 
Bust  Branch  just  upstream  of  the  confluence  wit::  Mill  Creek. 

q.  Rese  rvoi  r .  The  area  ad'^oininq  the  right  side  of  th^  lake  was 
we  11  ma  i  n  t  a i  ned  wit  h  se  ve  r  a  1  horn*?'  s  an vi  other  bu  ill:  no  s  a  1  o ng  t h.e 
shor'^line  near  the  lake-  The  area  along  the  left  side  of  the  lak-"'  :  ' 
mostly  hillside  and  in  a  natural  state  covered  wit'n  timber.  Silt  that 
appeared  to  be  mining  waste,  was  noticed  in  the  lak'^-'  ut  the  very  upstream 
e  nd  .  The  amount  of  ’•■ini  no  wm  s  t  o  se  d  i  --c  n  t  within  t  h  a  1  a  k  e  cou  1  il  nvo  t  be 
determined  it  the  t  im-^  oi'  th-^  inspection,  but  it  did  not  appear  to  bo 


3.2  EVALUATION 


The  deficiencies  observed  during  the  Inspection  are  not  coi'isidered 
significant  to  warrant  irjnediate  remedial  action. 

It  is  probable  that  the  ponl  that,  exists  below  the  dam  is  backwater 
from  flooding  of  the  downstream  channel.  However,  the  1-kehood  of  a  dam 
under seepage  condition  with  water  from  the  lake  supplying  the  pool  cannot 
be  discounted. 


4.1  PROCFPUki::' 

The  ^P>  Always  are  cncor’itr^l  lei'J .  Th»-  \/a^e[:  I-  v.'i  : ;;  y>ve 

by  preo  1  p  i  ta  t  1 .' '■  rur.off,  e  vap^.>ra  t:  icn  ,  ca'^jc  :  of 

uncontrolled  npillwuys.  The.-  lak':-  Ic^el  i  :■  aino  'dtected  h'/  e^piM'oay 
releases  ol  the  several  upatreani  tallinqs  ponds. 

4.?  mai!;tena>:l’e  of  dam 

Baaed  on  the  ^substantial  cover  cr  brush  aiad  trees  on  the  jpst/ea: 
io'or.streao  f  :'.^-s  or  the  dam  as  w'll  as  th^:  eytensrv-^  growth  of  br’.:s:i 
siaall  trees  in  the  spillway  cr.annol,  it  is  rapparen. t  tliat  th. ese'  areas 
could  receive  additional  attention.  The  Ov/ner  a  M  repo^-t  that  sor'-:' 
were  cleared  fro:^'  ti'.e  dam  area  la-t  winter  M47c*‘.  . 

4  .  i  J  N T Ft.’  A  M 7  rl  0  F  0  0  T L  F^  0  P  F.  R  AT  T  N G  F Ar ^  T  T .  I  11  F  ? 

W  i  t  h  t h e  nu<  1  ■ :- p' 1 1 o n  of  the  two  .  a  k d  r  a w 'd o.-.’.' n  p  i p / 
operating  iacilitie-  exist  at  tnis  dam.  As  indicated 
?  i  r  a  a  r  a ph  3.1  c ,  t  h  n pr  r  a  1 1  r. c  h  a  n  d  1  a  on  t  h o  .* a  '  v ■ '  :  c  r 
drawdown  pipe  is  broken  and  the  ou:let  ‘^nd  of  tae  .e  ft 
c  O' J  1  vd  no  t  {■'e  1  o  c  a  t  e  d  . 


rSCFIPTIOM  OF  A'D;  WARNTR’G  fvftfmf  jk 


Th‘^  insoection  d.:d  not  rev^r-jl  the  existonc*^  'Uf 


•wa  r 


svs 


tern . 


4.5  EVAr.UATTON 


Tack  of  or  inadequ^at 
safety  of  a  dam.  It  is 
includinq  the  nrincipal 
channels,  be  undortaKen 


e  naintena nee  is  considered  detrimental  to 
recommended  that  maintenance  -'>f  the  dcam, 
and  omc  r  4  e  ncy  spill  WeS  vs  i  nc  1  u  d  i.  nq  t  h  e  i  r  cut 
on  r eq  u  1  a  r  b a s  i  3 .  The  broken  va  1  ve  h a nd  1 


t 


1 
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the  drawdown  pile  on  the  right  nide  ahould  be  repaired  and  both  valves 
inspected  and  tlieir  per f orrr^ance  checked.  It  is  also  re'-'ciamended  that  the 
outlet  for  the  drawdown  pipe  on  tne  left  side  be  uncovered. 
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>FcrJO^:  s 


-  HVDROf.'. '':c  'H/PivAl'LI  " 


u.l  EVALUATION  OF  FEATURES 

^  •  Design  Data .  Design  Uat  i  ai  e  avai  lahle  . 

^  ience  Data .  The  drainage  area  and  lak.e  surface  area  were 
developed  Cron  the  USGS  Tiff,  Missour'i  Quadrangle  Map.  The  proportions 
and  dimensions  of  the  spillways  and  dam  were  developed  from  surveys  made 
during  the  inspection. 

No  records  of  rainfall,  stream  f’ow,  or  flood  data  for  the 
'watershed  were  available.  Phase  I  dam  rafety  in  spec '‘ion  reports  for  the 
upstream  tailings  pond  dams  (30  707  ,  307  04  and  iC'^30}  were  provided  by  the 
5t.  Louis  District,  Corps  of  Engineers-  As  indicated  herein,  certain 
hydrologic  data  contw^.ined  in  these  reports  'war  uti'i?!ed  in  the 
investigations  of  overtopping  of  the  Powder  Fpring  La.-  Dam. 

^ *  Visual  Observations . 

fl)  The  principal  spillway  consists  ai:  approximately 
trapezoidal  section  cut  into  the  hillside  at  the  right  '^sou th^  abutment. 
An  earthen  berm  that  adjoins  the  dam  directs  flow  to  tne  spillway  crest 
whicn  is  located  approximately  100  feet  upstream  of  the  d,ir. 

(2)  The  outlet  channel  of  the  pr  Lncipal  spillv/ay  consists  of  a 
trapezoidal  section  with  a  minimum  bottom  width  of  appTOx ima tc ly  jh 
feet.  The  sides  of  the  channel  are  irregular  and  eroded,  'with  a  near 
vertical  bank  existing  at  the  section  adjacent  to  the  dam.  Jagged  rock 
outcroppings  of  the  Potosi  formation  are  exposed  in  the  invert  of  the 
channel.  The  spillw'ay  channel  drops  abruptly  over  a  seri(?s  of  rock  falls 
at  a  point  approxirrutcly  J'i  feet  downstream  of  the  center  of  the  darr. 

The  spillway  channel  joins  the  downstream  channel ,  Uust  Branch ,  at  a 
point  about  200  feet  below  the  dam. 
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i  'i)  Th o  ‘  r q o ary  o  i  ’  1  wa y  co p i  * f  s  of  a  ' ; i  i  ]  !  i ..’  i  i  - h - : h  •  n-‘< '? 

depi  et'r,  ion  locn -ed  at  th*'  intirriop.  trv:'  '^^aha'i^T.ent  a::i  ’-.-it.  /ri.>rtp.  ^ 
ao'jtm^nt.  The  dincnor  ae  cl'irnne t  for  the  emervj^rncy  apiMwav'  api^'^ar  :  to 
folV^w  t.he  junction  of  th:^  emh^nnViT'ent  and  tl'.e  fiiJlr.  Ide  na  /iny  ics  outlet 
at  the  backwater  x\y:>l.  th.;C  lien  just  downstream  of  the  car.. 

( 4  ^  D r  n'w do v/ n  facilities  c o n s  i s  t  i  no  of  two  6 -  i  n c h  i  i. ame  t e r  :  t ^  I 
pipes  pass  through  the  left  side  of  the  embcinkment.  One  of  the  pip  as 
equipped  with  a  valve  hr'-:.sed  in  a  buried  1^5  t^all'jn  dr  urn  v;h  i  b*  the  other 
valve  i  s  or  otec  tevi  from  t  i.  element  s  by  se  ve  r  a  1  ^  ay  e  r  s  o  ^  s  t  r  av; . 

d  .  Overtopping  ?o  t  o  n  t  j  a  1 .  E  le  va  t  i  on  3  1 .  3  was  d  e  t  e  r  .  i  n  •’^d  to  re  t  h*? 
lou’  point  in  the  dam  crest.  The  spillways  ^principal  and  emergency)  are 
inadequate  to  pass  L:':e  probable  maximum  flcx)d,  1  '2  the  pro.’:  able  maximum 
f } ood  or  the  1  pe r c e n  ..  c nance  (100  -yea  r  f  r eque nc y )  f  1  oo ;  1:  w  1 1 hou t  o ve r  - 
torpiovg  the  dam.  "'^'hey  are  adequate,  however,  tc  pass  the  C.  1  percent 
c'r.ar.ce  (10-year  frecuoncy)  flood  without  cvertopving  the  lam.  Results  c.i 
the  ove  r  topping  analys i c  are  surma  r i zed  as  f ol lows : 


Rat'a^'n  of  PMf-' 

c>- 

Out: 

Peak 

low  ^efr' 

Max.  Lake 

1  v:.S.  Elev, 

Max.  D 

of  Flo 
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eptn 

■w  Over  Dam 
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7  3  1  .  ^3 

0 

.  3 

0.4 

10-Yr.  ’"Icod 

,CC7 

■"29. 3 

0 

.  2 

0.0 

T’he  flow 

sa  f  el  y 

pas.'  i  ng 

the  .sp  i  1 1  ways 

j  ust  or  1 

or  to  overt 

opping  wac. 

determined  to 

be  1 , 

9  20  c  f  s , 

wh i ch  amounts 

to  appro 

ximatelv  12 

perx-nt  of 

tne  pi*  oho  hi  e  ma  x  imuir.  f  J  ood  i  n  f  low .  This  f  lev/  is  greater  th  :i  n  the  ou  t  f  low 
for  the  0.1  percent  chance  (10-ycar  frequency^  floc^d.  During  peak  flow 
of  the  proi>ai:le  maximuni  flood,  the  greatest  depth  of  flow  over  the  dam 
would  be  3.9  feet  and  the  overflow  will  extend  along  th.*^  entire  length  of 
the  dam  crest. 

*To  nearest  one-hundreilt h 
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inri-'^w  hV'.lroorrip;!  in  th»*  to;  p  i  n<i  an^^yr.or.  i  nc  1 th^- 

ou  t  f  low  t'  r oin  t a*'  ups  t  r  o am  m i  *•  e  l;  a  i  i  i  tv :  n  pon i  (107  07,  30704  ,  30730  and 

30752)  3  ■  indicated  in  the  Phaae  T  dam  safety  innpocuion  re;’orts  of  these 
dams  prt.'pared  by  International  Eng lne»'' r i  nq  Compary,  Tn^.,  Consulting 
Erqineeis,  San  Prancisco,  California.  In  tneso  analyses  and  analysis 

for  the  Powder  Spring  hake  Dam  it  was  assumed  that  none  of  the  upstream 
dams  had  failed,  although  the  analyses  indicated  that  the  dams  would  be 
overtopped  when  the  PMF  occurs, 

•  Evalua  t  ion .  Experience  irdi  cates  that  th^  residv:um,  a  gravelly 
r  ed  clay,  can  unde  r  certain  con  d  i  t  i  o  ns  ,  such  as  high  v  -r- 1  or  i  ty  i- 1  ow ,  be 
very  erotiible.  Evidence  of  such  erosion  was  observed  at  the  p!incipal 
spillway.  Such  a  condition  exists  during  the  PM?\  when  lame  lake 
outflow  with  corr  es^vandi  ng  high  velociti-'^s  occur  both  at.  the  epxllways 
and  over  the  top  of  the  dam.  Since  the  depth  o^^  flow  ovorteppino  th~- 
dam,  (5.9  feet  maximum)  and  the  duration  of  flow  over  the  (iam  (3.4 
hours',  .are  substantial,  serious  damage  by  erosion  due  to  overtopping  of 
the  dam  is  likely.  The  extent  of  the.^e  damuaes  : .not  orediotahlo, 
however,  there  is  the  possibility  that  they  could  r^'sult  in  failure 
the  d  am . 


^  t^nce s  .  Pr  need  u r e s  and  d a  t  a  f  or  d^ t  e r m i  n  i ng  the  o »' r  h a bl  p 

maximum  fltX)d,  the  lOO-year  frequency  fl  oo  1 ,  '*he  -O-yoar  freauiency  flood 
and  the  discharO'.^  rating  curve  for  flow  orer  the  spillway  and  dam  crest 
are  presented  on  Pages  B-1  and  B-2  of  the  ^ppendi\.  .5  listing  of  tiu^ 
::Ev^“1  (Dam  Sa^(ety  Cersion)  input  data  i  .s  -no’.'n  on  '^-laos  P-3  tnru  P-14  ■' f 
the  Appendix,  A  copy  of  the  computer  output  taole  entitled  "San.naio'  of 
Onm  Sa  f  e  ty  .Ana  1  vs  i is  prose  n  t  cl  on  Pace  B- 1  and  t  h  i  n  f  ^  ow  an  i  ou  t  f  I  ow 
h yd  r  og  r  a ph s  for  1 1  probable  maximum  f  1  ood  sh  own  on  Page  B - 1  f'  ">1  t h 

Appendix.  Area-storage  volume  curves  for  the  reaervoir  are  shvown  on 
?  la  te  5  a nd  a  sp  i  1  Iwa y  rati  nu  c u  r vc  i  s  p  r  e s e n  t ed  on  Plate  , 


STKUCTURAL  S'^APiLlTY 


6.1  FVAI.UATIOM  of  structural  STAlULl'T'Y 

•  V 1  3 1  Obse  r  va  t  i  o  ns  .  Visual.  o^'Servations  which  adversely  affect 

the  structural  stability  of  the  darn  are  discussed  in  Section  3,  paragraph 
3.1c. 

and  Construction  Data.  Mo  design  or  construction  data 
relating  to  the  structural  stability  of  the  dam  are  known  to  exist. 

c.  Operating  Records.  With  the  exception  of  the  valves  or:  the  two 
6- Inch  diameter  lake  drawdown  pipes,  no  appurtenant  structures  or 
facilities  requiring  operation  exist  at  this  dam.  According  to  the 
Owner,  no  records  are  kept  of  lake  level,  spillway  discharge,  dam 
'settlement,  or  seepage. 

Construction  Changes .  Acc  or  ding  to  the  Own  e  r  ,  there  have 
been  no  post  construction  changes  which  would  affect  the  structural 
stability  of  the  dam. 

Seismic  Stability.  The  dam  is  located  within  a  Zone  11  seismic 
probability  area  and  an  earthquake  of  the  magnitude  predicted  for  this 
area  is  not  expected  to  produce  a  hatardoas  con<;ition  to  the  cam, 
provided  that  static  stability  conditions  are  satisfactory  and 
con'/ent iona  1  safety  margins  exist. 
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SECTION  7  -  'KFMr  HT  AL  '-’FA^OivFS 

7,1  DAM  AS3KSSMD::T 

33  f  ety  .  Several  iten^.i:  were  noticed  ^iurinc  tne  vieual  1  nr.  .-'cct  ior. 
that  adversely  affecu  the  gaiety  of  the  don,  Tnelnded  i'i  thoinc"  itemn  ar^' 
the  trees  ar'.d  hrasr;  which  exist  on  doth  the*  upstrean,  arid  downstream  fac-''n 
of  the  dam.  In  addition,  the  left  i^ank  of  the  princicial  spillway  channel 
at  the  section  adjacent  to  the  dam  was  c>verly  steep  and  badly  erocod:  the 
upstream  face  of  the  dam  had  only  a  curf  cover  to  pr»a\'ent  erosion;  oral,  a 
hole  ,  bell e ved  to  b-a  an  an i  ma I  bu r r ov/ ,  wa s  obse r v *?d  i n  t 'U-  urj:: t r c am  face 
of  the  dam. 

A  hydraulic  analysis  indicated  that  the  principal  and  emcryeency 
so i  1  Iway s  are  c apa b  1  e  of  passing  la ke  ou  t i:  lov;  of  abc^u t  1,02 C  c f  s  v;  1 1 he ’  t 

the  level  of  the  lake  exceeding  the  low  point  of  the  cham  cre/^t.  A 

hydrologic  analysis  of  the  lake  watershed  area,  as  eiircussed  in  Section 
5,  indicated  that  for  storm  runoff  of  probabde^  maximuT  t  lord  magnitsde 
the  lake  outflow  would  oe  on  the  order  of  2  3  ,  7  72  c^s,  th*'  lake  out  flew 

^or  the  100 -year  treLUuency  flood  would  bo  a!x:ut  2,14  2  cfs,  and  thr-  Ink  ■ 

outflow  for  the  10 -year  frequency  flood  would  be  approx  i  mate  3ny 

Seepage  and  stabilitv  analyses  of  the  dam  wore  not  available  for 
review  and  therefore  no  judgment  could  be  mad.  >  w''th  re.spect  to  the 
structural  stability  of  the  dam. 

b.  Adequacy  of  Information.  Due  to  tiie  lack  of  .:.nd 

construction  data,  the  assessments  reported  hor-“'in  were  bused  cm  extern  P 
conditions  as  determined  during  the  visual  ’nspoculon.  The  as-'c ssr;-: nt  o: 
the  hydrology  of  the  W’atershed  and  capacitior  of  the  spil^vrays  w«:re  bnsrd 
on  a  hydrolog ic/hydr 3ul ic  study  as  indicated  in  Section  5.  Seepage  and 
stability  analyses  comparable  to  the  requirements  of  the  "Recammonded 
Guidelines  for  Safety  Inspection  of  Dams'*  were  not  availabb^,  which  is 
considered  a  deficiency. 


7-3 


mt 


ii 


Urgency .  Thr  items  concern  inn  the  safety  of  the  dam  noted  in 
paragraph  7.1a  and  the  remedial  measures  recommon  '  ni  in  paragraph  7.2 
shou Id  be  accompl 1  shed  within  a  reasonable  time . 

d .  Necessity  for  Please  II.  Based  on  the  results  of  the  Phase  I 
inspection,  a  Phase  II  investigation  is  not  r  econimonded . 

e ,  Seismic  Stability.  The  dam  is  located  within  a  Zone  TI  seismic 
probability  area  and  an  earthquake  of  the  magnitude  predicted  for  this 
area  is  not  expected  to  produce  a  hazardous  condition  to  tne  dam, 
provided  that  static  stability  conditions  are  sa ti sf actory  and 
conventional  safety  margins  exist. 

7.2  REMEDIAL  MEASURES 

a,  Recom.mendat ions  .  The  follov/ings  actions  are  recommended : 

(1)  Based  upon  the  criteria  set  forth  in  the  recommended 
guidelines,  alterations  to  the  design  of  the  dam  siiould  be  made  In  order 
to  pass  lake  outflow  resulting  from  a  storm  of  probable  maxi mum  flood 
magnitude . 

(2)  Obtain  the  necessary  soil  data  and  perform  dam  seepag--'  and 
stability  analyses  (comparable  to  the  requirements  of  the  guidelines^  in 
order  to  determine  the  structural  stability  of  the  dam  for  all 
operational  conditions.  Seepage  and  stability  analyses  should  be 
performed  by  a  qualified  professional  engineer  experienced  in  the  design 
and  construction  of  earthen  dams, 

b.  Operations  and  Maintenance  (0  &  Ml  Procedures.  The  following  O  s 
M  procedures  are  recommended: 

(1)  Remove  the  trees  and  brush  from  the  upstream  and  downstream 
faces  of  the  dam.  Fill  the  animal  burrow  that  exists  in  the  upstream 


face  of  the  da;n.  Tree  roots  and  animal  burrows  pr^-vide  passageways  for 
seepage  that  can  lead  to  a  piping  condition  and  possible  failure  of  the 
dam.  The  turf  cover  should  be  restored  if  destroyed  or  rrassing. 

Maintain  the  turf  cover  on  the  embankment  at  a  height  that  will  not 
hinder  inspection  of  the  dam  or  harbor  burrowing  animals.  The  removal  of 
trees  should  be  performed  under  the  vlirection  and  guidance  of  an  engineer 
experienced  in  the  design  and  construction  of  earthen  damsf  since 
indiscriminate  clearing  can  jeopardize  the  safety  of  the  dam. 

(2)  Remove  the  trees  and  brush  from  the  principal  spillway 
channel  in  order  to  allow  flow'  to  reach  the  downstream  channel 
unrestricted.  Obstructions  within  the  spillway  will  restrict  flow  and 
reduce  the  carrying  capacity  of  the  outlet  channel  which  could  result  in 
flooding  of  the  embankment  adjacent  to  the  spillway  and/or  overtopping  of 
the  dam. 


( 3)  Restore  the  eroded  left  bank  of  the  principal  spi ] Iway 
channel  in  the  area  adjacent  to  the  dam  and  provide  some  form  of 
protection  that  will  prevent  future  erosion  of  the  bank  by  spillway 
releases.  Continued  erosion  of  the  bank  could  be  detrimental  to  the 
structural  stability  of  the  embankment. 

(4)  Drain  the  pool  that  abuts  the  downstream  toe  of  the  dam  and 
provide  some  means  of  preventing  future  pending  of  water  in  the  area 
below  the  dam.  The  presence  of  the  pool  at  the  base  of  the  dam  is  a 
condition  considered  to  be  unfavorable  to  the  structural  stability  of  the 
dam  since  saturation  of  the  soil  weakens  the  strength  of  the  foundation. 
It  also  prevents  control  of  dam  underseepage  if  such  a  condition  exists. 

(5)  Provide  some  form  of  protection  (other  thc'in  grass)  for  the 
upstream  face  of  the  dam  at  and  above  the  normal  waterline  in  order  to 
prevent  erosion  by  wave  action.  A  grass  covered  slope  is  not  considered 
adequate  protection  to  prevent  erosion  of  the  embankment  by  wave  action 
or  by  f luctua t ions  of  the  lake  surface  level . 
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(6^  Repair  the  broken  I'andle  for  the  control  valve  on  the  south 
drawdown  pipe  and  uncover  the  outlet  for  the  north  drawdown  ripe  in  order 
that  these  facilities  may  function  as  intended. 

(7)  Provide  maintenance  of  all  areas  of  the  dam  and  spillway  on 
a  reqularly  scheduled  basis  in  order  to  insure  features  of  being  in 
satisfactory  condition. 

(3)  A  detailed  inspection  of  the  dam  should  be  instituted  on  a 
regular  basis  by  an  engineer  experienced  in  the  design  and  construction 
of  dams.  It  is  also  recommended ^  for  future  reference,  that  records  be 
kept  of  all  inspections  made  and  remedial  measures  taken. 
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PLATE  I 


ELEV.  (FT.  MSL) 


POWDER  SPRING  Li 


(i)=- 


PRINCIPAL 

SPILLWAY- 


SPILLWAY  CREST  =  EL.  727.0 


GENERAL  PLAN  OF  DAM 

SCALE:  r=  50' 


PHOTO  LOCATION  8  KEY 
(SEE  APPENDIX  A) 


PROFILE  DAM  CENTERLIl 

SCALES;  l''=IO’v.,l"=  50'h. 


note;  location  of  photo  no.  6  (NOT  SHOWN) 
BEYOND  LIMITS  OF  PLAN  VIEW 


POWDER  SPRING  LAKE 


■EMERGENCY 
SPILLWAY  / 


LOPE 


ERAL  PLAN  OF  DAM 

scale:  |"=50' 


POOL 


>;r7^2-6"  STEEL  PIPES 

(b)  for  lake  drawdown 
"S — gate  valves 


FILE  DAM  CENTERLINE 

f  SCALES; r'=lO’v.,r’=  50’h. 


POWDER  SPRING  LAKE 
DAM  PLAN  a  PROFILE 


Horner  S  Shifrin.lnc^ 


Nov.  1979 


ELEV.  (FT.  MSL)  ELEV.  (FT.  MSL) 


-160  -120  -80 


PROFILE  SPILLWAY  ^ 
SCALESM'sIO' V.,i"=20'h. 


t 
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POWDER  SPRING  LAKE 
DAM  CROSS-SECTION  & 
SPILLWAY  PROFILE 
Horner  a  Shifrin,  Inc.  Nov.  1979 


PLATE  4 


ELEV.  (M.S.L.) 


ELEV.  (M.S.L.) 


NO.  3:  SPILLWAY  CREST 


NO.  4;  SPILLWAY  OUTLET  CHANNEL 


NO.  5:  ERODED  BANK  OF  SPILLWAY  CHANNEL 


NO.  (j:  pool  AT  DOWNSTREAM  TOE  OF  DAM* 

*Note  location  of  drawHown  pipes  at  right  center  of  picture. 
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0 


■  1 


NO.  8:  VALVK  HANDLE  ON  LEFT  DRAWDOWN  PIPE 


APPENDIX  B 


HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


1.  The  HEC-l  Dan  Safety  Version  (Jjly  1973,  Modified  26  Febr^iary 
1979  )  proqraiTi  was  used  to  develop  inflow  and  outflo'.;  Lydrcaraphr  and  dam 
overtoppinq  analyses,  v/ith  hydrologic  inputs  as  follows: 

a,  Prolxable  maximum  precipitation  (200  sq,  mile,  24-nour  val.ie 
equals  25.7  inches)  from  Hydrometeorological  Report  No. 33-  The 
precipitation  data  used  in  the  analysis  of  the  1  percent  flCO-year 
frequency)  flood  and  the  0.1  percent  (10-year  frequency  flood)  w.is 
provided  by  the  St.  Louis  District,  Corps  of  Engineers. 

b,  Drainage  area  =  4.31  square  miles  =  2,759  acres 

c,  SCS  parameters  (see  paragraph  4  for  data) 

Lag  time  =  0.60  (Tc) 

Time  of  Concentration  t'Tc)  =  ^  ^  ^ 

H 

Wh ere:  Tc  =  Travel  time  of  wa ter  f r om  hy d r a s 1 i c a 1 1 y  mos t 
distant  point  to  point  of  interest,  hours. 

L  -  Length  of  longest  watercourse,  miles. 

H  =  Elevation  difference,  feet. 

2.  The  principal  spillway  consists  of  a  broad-crested,  t  rapezoi.l -».! 
section  and  the  emergency  spillway  consists  of  a  br oa 5-crest ed , 

dish -shaped  section,  for  which  convent  ion  3 1  weir  formula-''  are  n">t 
appl icable . 

Spillway  release  rates  for  these  sections  were  determined  a?' 

f  o 1 lows : 


a.  Spillway  crest  section  properties  (area,  "a”  and  top  width, 
'*t'*)  were  computed  for  various  depths,  "d." 


b. 


It  was  assumed  that  flow  leaving  the  spillway  control 
section  would  occur  at  critical  depth.  Flow  at  critical 


o 
‘  c 


d*ip th  wafj  :'vO;nputod 


v-:iv  loi 


depths; ,  " d  .  Core s po nd i  :m  v^.*  . oc  i t  u"- ( v  )  j nd  ve  lOC  i  :y 
heads  were  determined  u5;inn  con'-'entiona'l  forinulas. 


Static  lake  level  a  cor  r  eeoendi  nq  to  the  various  9  value.' 

"  '  '  n 

pasting  the  soil  1  way  we  c ompu  c od  a s  c i  t  i c  a  I  d p t h  s  p  ]  ■. 

critical  velocitv  heads  (d  +  h;  )  ,  and  the 

C  VC 

relationship  between  lake  level  and  spillway  diischorge  ws 
t h us  o bt a i ned .  Th i s  p r oc en u r  e  ne q 1 ec  t  s  the  mi  no r 
i  ns  iqn  i  f  ican.t  friction  losses  acrrjss  the  length  ji  the 
spi 1 Iwa V , 


d.  The  discharges  for  the  principal  ai'.d  emergency  spillways 

for  equal  elevations  were  summated  for  entry  on  the  YA  ar.v? 
Yt  carvis. 

3.  The  profile  of  the  dam  crest  '*  s  irregular  and  flov;  over  the  dan. 

crest  cannot  be  deter/nined  by  con'aent  ional  weir  formula>s,  Cr'ost  lencth 
and  elevation  data  for  the  dasi  crest  proper  were  entered  the  HEC^l 
Program  on  the  $b  and  $V  cards.  "^ho  prog am  computes  internally  the  '  o a 
over  the  dam  crest  and  adds  this  flow  to  the  flow  th-^*  principal 

emergency  spillway  as  entered  on  the  Y4  and  Y3  card.s. 

4.  Hydrologic  data  for  the  upstream  dams  and  subareas  n**.-''  as  f*^llo', 


Dam  or 

Area 

Tc 

fAMC  rri)  ( 

.V ^ "  rn 

Suha  roa 

Sq .  Miles 

Hou  r  .s 

CM 

C\' 

307S2 

I.G78 

1.15 

''i 

5  2 

30750 

0.^56 

1.22 

75 

30704 

0. 1 

n.i 

100 

1 0  0 

30  707 

0.1 

0.  i 

100 

100 

Subarea  1 

1.11 

0.484 

77 

S'O 

Subarea  2 

1.27 

0.562 

77 

59 

Data  for 

Dams  30752, 

,  307S0,  30704 

and  30707  were  obtained 

fr^  m  Pha; 

I  Dam  Safety 

Inspect  ion 

Rep<arts  by  International  Engineering 

Co.,  Inc. 

For  elevation 

-area  relationships,  see 

computer  program  input 

data. 
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